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Neuronal populations that synthesize kisspeptin (KP), neurokinin B (NKB) and substance P 
(SP) in the hypothalamic infundibular nucleus of humans are partly overlapping. These cells are 
important upstream regulators of gonadotropin-releasing hormone (GnRH) neurosecretion. 
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primarily via influencing KP receptors on the hypophysiotropic fiber projections of GnRH 
neurons. To explore the structural basis of this putative axo-axonal communication in humans, we 
analyzed the anatomical relationship of KP-immunoreactive (IR), NKB-IR and SP-IR axon 
plexuses with hypophysiotropic GnRH fiber projections. Immunohistochemical studies were 
carried out on histological samples from postmenopausal women. The neuropeptide-IR axons 
innervated densely the portal capillary network in the postinfundibular eminence. Subsets of the 
fibers formed descending tracts in the infundibular stalk, some reaching the neurohypophysis. KP-
IR, NKB-IR and SP-IR plexuses intermingled, and established occasional contacts, with 
hypophysiotropic GnRH fibers in the postinfundibular eminence and through their lengthy course 
while descending within the infundibular stalk. Triple-immunofluorescent studies also revealed 
considerable overlap between the KP, NKB and SP signals in individual fibers, providing 
evidence that these peptidergic projections arise from neurons of the mediobasal hypothalamus. 
These neuroanatomical observations indicate that the hypophysiotropic projections of human 
GnRH neurons in the postinfundibular eminence and the descending GnRH tract coursing through 
the infundibular stalk to the neurohypophysis are exposed to neurotransmitters/neuropeptides 
released by dense KP-IR, NKB-IR and SP-IR fiber plexuses. Localization and characterization of 
axonal neuropeptide receptors will be required to clarify the putative autocrine and paracrine 






















   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   





































































   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   






































































   
   
   
   
   
   
   
   





































































   
   
   
   
   
   
   
   































In this study, we present morphological evidence that hypophysiotropic GnRH axons in 
postmenopausal women form intermingling plexuses and establish occasional axo-axonal 
appositions with KP-IR, NKB-IR and SP-IR fibers. Such areas of regional overlap and axo-axonal 
contacts were detected throughout the lengthy course of the hypophysiotropic GnRH axons, 
including the postinfundibular eminence, the InfS and the neurohypophysis. We also show that 
many of the KP-IR, NKB-IR and SP-IR fibers in these regions are identical, indicating that their 
site of origin is the infundibular nucleus where a subsets of neurons co-synthesize two or all three 
of these neuropeptides [10].  
Comparative analysis of the GnRH neuronal system in humans, monkeys, ferrets, bats and rats 
revealed conspicuous species differences regarding the course of hypophysiotropic GnRH axon 
projections. Unlike in rats where these fibers terminate in the palisade zone of the median 
eminence, considerable subsets of GnRH-IR axons in the human and the monkey also enter the 
internal zone of the InfS and even descend to the neurohypophysis [44]. A previous dual-label 
immunohistochemical study in the monkey revealed that the descending GnRH-IR axon projections 
and a descending KP-IR axon plexus intermingle in the posterior pituitary [53]. In our present study, 
we provide evidence that GnRH fibers in the human are accompanied by dense KP-IR, NKB-IR 
and SP-IR fiber plexuses in the postinfundibular eminence as well as throughout their lengthy 
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GnRH-IR fibers in all of these regions. The close anatomical relationship of these peptidergic 
plexuses may allow important paracrine interactions to occur at the level of the axonal compartments. 
The functional importance of the massive descending peptidergic fiber projections toward the 
neurohypophysis requires clarification. It is possible that neuropeptides released from the varicosities 
of these axon plexuses reach the adenohypophysis via the short portal veins to influence gonadotroph 
functions. In addition, the secreted neuropeptides might directly enter the systemic circulation from 
the portal capillary plexuses of the postinfundibular eminence [45] and through the tuberal veins of the 
InfS. It is important to recognize that many neuropeptides present in the external zone of the sheep 
median eminence are not necessarily secreted in significant amounts into the hypophysial portal blood 
of sheep [54] and this can also be the case in primates.   
A recent study from our laboratory established that many of the KP-IR, NB-IR and SP-IR cell 
bodies and lower subsets of axons in the human mediobasal hypothalamus are identical, with the 
largest degrees of neuropeptide coexpression observed in postmenopausal women [10]; in this 
endocrine status, 25.1% of the NKB-IR and 30.6% of the KP-IR perikarya contained SP and 
16.5% of all immunolabeled cell bodies were triple-labeled [10]. In the present study we observed 
many single- and double-labeled KP-IR, NKB-IR and SP-IR fibers both in the infundibular 
nucleus and the InfS. The much lower degree of signal coexpression in axons vs. cell bodies 
implies that many fibers derived from KP/NKB/SP neurons only contain one or two neuropeptides 
in postmenopausal women. This observation raises the possibility that the axonal transport, 
processing and use for neurotransmission of the co-synthesized neuropeptides might be regulated 
depending on the functional status of these neurons. Earlier studies of the human KP and NKB 
systems in our laboratory already provided evidence that the extent of colocalization between KP 
and NKB is sex-dependent [8, 26] and also age-dependent, at least in men [8, 27]. In addition to 
this difference in the labeling of perikarya, we noticed that the neuronal contacts that these cells 
establish with GnRH neurons exhibit sex-specific patterns of KP/NKB co-labeling, with a 
significantly higher incidence of double-labeled fibers in postmenopausal women compared with 
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influences neuropeptide colocalization in the axon projections of these neurons, including the 
plexuses we propose here to interact with the hypophysiotropic GnRH fiber projections via 
autocrine/paracrine peptidergic mechanisms. At present, it is impossible to determine, whether or 
not, the occasionally observed axo-axonal contacts play a significant role in this putative axo-
axonal interaction.  
Axo-axonal interactions taking place in the median eminence/postinfundibular eminence 
region have long been thought to play important roles in neuroendocrine regulation [55]. 
However, it is difficult to appreciate the functional significance of this putative paracrine 
communication only on the basis of morphological studies, given that synaptic specializations are 
absent from such axo-axonal contacts at the ultrastructural level [33, 56]. While the 
immunohistochemical demonstration of specific receptors on neuroendocrine GnRH terminals 
would be indicative of such a paracrine communication, the evidence for axo-axonal interactions 
is mostly indirect and comes from functional studies. Because in rats, the mediobasal 
hypothalamus is devoid of GnRH-IR cell bodies and only contains hypophysiotropic projections 
[57], in vitro explants of this region can be used in pharmacological studies of receptor 
interactions that might influence GnRH secretion at the level of the GnRH axon. For example, 
GnRH terminals in the median eminence of the rat are juxtaposed to glutamatergic axons [56, 58] 
and express immunoreactivity for the KA2 and NR1 ionotropic glutamate receptor subunits [56]. 
There is in vitro evidence that glutamatergic drugs can induce Ca2+-dependent GnRH release from 
median eminence fragments in a Ca-dependent manner [59]. It is interesting to note that the 
source of glutamate in this interaction may be, at least partly, intrinsic, since GnRH neurons of the 
adult male rat exhibit glutamatergic properties and express type-2 vesicular glutamate transporter 
mRNA and immunoreactivity [60]. Neuropeptide Y (NPY) also appears to act similarly on the 
GnRH axon terminals, in addition to occurring in axons that form axo-somatic and axo-dendritic 
contacts onto GnRH neurons of rats and humans [51, 61]. In rats, i) direct appositions exist 
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express Y1 receptor immunoreactivity [62] and iii) NPY agonists stimulate in vitro GnRH release 
from median eminence fragments [63].  
While the putative presence of KiSS1R on GnRH terminals has not been detected formally 
with immunohistochemistry, there is abundant indirect evidence to support the concept that GnRH 
terminals represent important physiological sites of KP action in the regulation of pulsatile GnRH 
secretion. Accordingly, KP-IR axons are intimately juxtaposed to GnRH-IR axons in the goat 
[32], monkey [19] and human [7] median eminence and KP can stimulate GnRH release from 
median eminence fragments of wild type, but not KiSS1R mutant, mice [34]. This in vitro action 
of KP is independent of action potential generation and thus, persists in the presence of 
tetrodotoxin [34]. Axo-axonal communication may represent the primary mechanism whereby 
KNDy neurons influence the pulsatile secretion of GnRH. Accordingly, KP release into the 
monkey median eminence was found to be pulsatile, with secretory peaks that coincide with the 
LH pulses [64]. Furthermore, the proposed axonal site of action for KP is in accordance with the 
observation that the peripheral injection of KP results in rapid increases of LH release [23, 35, 36, 
65] which can be prevented with the GnRH antagonist acylin [65]. KP is likely to influence GnRH 
neurons outside the blood-brain barrier because it does not induce c-Fos expression in GnRH cell 
nuclei of the preoptic area. We have to recognize that systemic KP may also act in other 
circumventricular organs lacking the blood-brain barrier, including the organum vasculosum of 
the lamina terminalis. In this context, it is important to mention that recent neuroanatomical 
studies of the mouse organum vasculosum of the lamina terminalis identified GnRH-IR processes 
with dendritic characteristics and extensive branching. Direct application of KP onto these 
processes caused electric activity and c-Fos expression in GnRH neurons [39]. We note that the 
GnRH-IR innervation of the human OVLT is much less abundant in comparison with the rodent 
[44]; therefore, it seems more likely that the LH release induced by systemic KP injection in 
humans [37, 38] is caused by the excitation of hypophysiotropic GnRH axons.  
The present study also provided evidence for the regional overlap and axo-axonal contacts 
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eminence [14, 33] where the GnRH-IR axons express immunoreactivity for the NKB receptor 
NK3 in rats [14]. While recent models of the GnRH pulse generator agree in that KP provides the 
major output signal of the putative pacemaker KNDy neurons toward the GnRH network [2, 3], 
whether or not NKB can also regulate the release of GnRH directly, remains to be established. 
Given that NK3 is present in KNDy neurons and the NK3 agonist senktide excites KP neurons but 
not GnRH neurons [28], NKB/NK3 signaling might mainly act in the intranuclear communication 
of KNDy neurons within the network. It is possible that NKB can also regulate NKB axon 
terminals in the median eminence. In addition to exerting autocrine/paracrine actions on other KP 
and NKB neurons, recent studies on mice found evidence that senktide is capable of inducing 
GnRH release directly from the median eminence and this action does not require KP signaling 
[29]. Of note, species might considerably differ in this context and the role of KP seems to be 
essential for the NKB-mediated GnRH release in rhesus monkeys [16]. SP is a recently 
recognized neuropeptide player in the putative pulse generator KP and NKB neuronal systems. It 
will require clarification whether SP acts via influencing GnRH axon terminals directly or via 
regulating neuropeptide release from other types of fibers through autocrine/paracrine 
mechanisms. 
In summary, in this study we provide evidence that the hypophysiotropic projections of human 
GnRH neurons are exposed to KP, NKB and SP in the postinfundibular eminence as well as 
throughout their lengthy descending projection pathway through the InfS to the neurohypophysis. 
Depending on the site/s of location of the SP receptor NK1, the NKB receptor NK3 and the KP 
receptor KiSSR1, the proposed axo-axonal interaction may involve important autocrine and 
paracrine components. To fully understand these mechanisms, information about the cellular and 
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